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Abstract

Objectives: Intraindividual cognitive variability (IICV) has been shown to differentiate between groups with normal
cognition, mild cognitive impairment (MCI), and dementia. This study examined whether baseline IICV predicted
subsequent mild to moderate cognitive impairment in a cognitively normal baseline sample. Methods: Participants with
4 waves of cognitive assessment were drawn from the Wisconsin Registry for Alzheimer’s Prevention (WRAP; n = 684;
53.6(6.6) baseline age; 9.1(1.0) years follow-up; 70% female; 74.6% parental history of Alzheimer’s disease). The
primary outcome was Wave 4 cognitive status (“cognitively normal” vs. “impaired”) determined by consensus
conference; “impaired” included early MCI (n = 109), clinical MCI (n = 11), or dementia (n = 1). Primary predictors
included two IICV variables, each based on the standard deviation of a set of scores: “6 Factor IICV” and “4 Test [ICV”.
Each IICV variable was tested in a series of logistic regression models to determine whether IICV predicted cognitive
status. In exploratory analyses, distribution-based cutoffs incorporating memory, executive function, and IICV patterns
were used to create and test an MCI risk variable. Results: Results were similar for the IICV variables: higher IICV was
associated with greater risk of subsequent impairment after covariate adjustment. After adjusting for memory and
executive functioning scores contributing to IICV, IICV was not significant. The MCI risk variable also predicted risk of
impairment. Conclusions: While IICV in middle-age predicts subsequent impairment, it is a weaker risk indicator than
the memory and executive function scores contributing to its calculation. Exploratory analyses suggest potential to
incorporate IICV patterns into risk assessment in clinical settings. (JINS, 2016, 22, 1016-1025)

Keywords: Prodromal period, Mild cognitive impairment, Alzheimer’s disease, Neuropsychological tests, Risk screening,
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INTRODUCTION These systems were based on 7 to 15 variables each, including
multiple demographic variables (e.g., age, education, or gender)
and multiple health status variables (e.g., diabetes status, blood
pressure, body mass index, or cholesterol). While higher scores
were associated with higher risk of dementia across all systems
reviewed, predictive accuracy was low while obtaining all risk
factor information was resource intensive.

Methods to detect preclinical cognitive changes associated
with prodromal AD exist which primarily focus on individual
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Efforts to prevent or delay the onset of Alzheimer’s disease (AD)
will be more effective if started as early in the disease process as
possible necessitating sensitive methods for early detection and
risk assessment. Recently, Imtiaz and colleagues identified
seven mid-life risk scoring systems for predicting subsequent
dementia (Imtiaz, Tolppanen, Kivipelto, & Soininen, 2014).
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impairment (MCI) and dementia (Koepsell & Monsell, 2012;
Sperling, Karlawish, & Johnson, 2013).

The standard deviation (SD) of multiple cognitive perfor-
mance scores at a given assessment, also known as intrain-
dividual cognitive variability (IICV) or cognitive dispersion,
has been shown to differentiate between cognitively healthy
and clinical groups such as MCI and AD (Kdlin et al., 2014;
Salthouse & Soubelet, 2014) and may potentially identify
persons at risk of declining to MCI or dementia. Research on
the association between IICV and cognitive decline has been
extended to determine its predictive value in older populations
that are cognitively normal at baseline. For example, in a study
of 897 older individuals (mean age of 78.6 years) who under-
went follow-up examinations every 12—18 months, the inclu-
sion of IICV in the model improved prediction of subsequent
dementia (Holtzer, Verghese, Wang, Hall, & Lipton, 2008).
Similarly, within subject variability across multiple cognitive
domains was examined in 204 community-dwelling adults
(mean age 74). Increasing age and declining cognitive status,
relative to premorbid functioning, were positively associated
with the degree of IICV (Hilborn, Strauss, Hultsch, & Hunter,
2009). Analyses of over 2000 older women found that after
adjusting for differences in overall cognitive performance,
increased variability was associated with a greater risk of
developing dementia (Vaughan et al., 2013).

While much of the I[ICV literature has focused on IICV as a
predictor of subsequent functioning in older baseline samples
(mid-sixties and above), IICV may be a useful method for
identifying risk of cognitive decline among cognitively
healthy middle-aged individuals. Thus, the primary aims of
this study were to: (1) examine whether baseline IICV mea-
sured in early to late middle-age predicted mild to moderate
cognitive impairment approximately nine years later in a
sample that was free of clinical impairment and middle-aged
at baseline; and (2) determine whether baseline IICV
improved predictions of subsequent MCI status over predic-
tions based on traditional measures of cognitive functioning
(e.g., continuous neuropsychological test scores). To encou-
rage consideration of how IICV might be incorporated into
clinical practice, the exploratory aim examined whether a set
of cut-points that incorporated IICV patterns across a small
set of neuropsychological tests might allow clinicians to
incorporate IICV into their assessments of patients’ risk of
meeting criteria for impairment.

METHODS

Participants

Participants were drawn from the Wisconsin Registry for
Alzheimer’s Prevention (WRAP), an ongoing longitudinal
cohort study examining cognitive trajectories and associated
risk factors in a sample that was middle-aged and enriched for
AD risk at baseline (n = 1540 with baseline assessment;
mean (SD) baseline age = 53.6(6.7) years; 72.4% with a
parental family history of AD) (Sager, Hermann, & La Rue,
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2005). To ensure that individuals were not cognitively
impaired when they enrolled in WRAP, baseline perfor-
mances were screened by a physician and neuropsychologist
throughout the study and participants were excluded post
consent if their baseline performance indicated clinical MCI
or dementia. The first follow-up visit occurs 4 years after the
baseline visit; all subsequent visits occur at 2-year intervals
thereafter. Participants for this analysis were selected on the
basis of having completed four waves of cognitive assess-
ment, were free at baseline of neurological diagnoses (stroke,
Parkinson’s disease, MS, or epilepsy/seizure disorder), speak
English as their native language, and have had their fourth
wave cognitive status reviewed via consensus conference
(n = 684). All activities for this study were approved by the
Institutional Review Board and completed in accordance
with the Helsinki Declaration.

Cognitive Variables

At each study visit, participants complete a multi-domain
neuropsychological battery and questionnaires covering
demographic, health, and lifestyle characteristics (Sager
et al., 2005). Factor analyses of the baseline test battery
identified 6 factors, two representing broad domains of
visuospatial and verbal abilities, two learning and memory
factors (Immediate Memory, Verbal Learning, and Memory),
and two factors pertaining to attention and executive function
[Speed and Flexibility, Working Memory; see (Dowling,
Hermann, La Rue, & Sager, 2010; Koscik et al., 2014) for
details]. Residualized Z-scores were created for each factor
based on regression parameters for age, gender, and literacy
derived from a robust normative subsample that was at lower
genetic risk for AD and cognitively normal through at least
4 years of follow-up (Clark et al., 2016; Koscik et al., 2014).
Additional memory and executive function tests were added
to follow-up assessment waves and were, therefore, available
for use in determining Wave 4 cognitive outcomes but not for
determining baseline IICV.

Calculation of baseline IICV (primary predictors)

One common approach to estimating IICV is to calculate the
SD across factors or test scores for a given testing session
using either Z-scores based on the mean (SD) of each score
that is contributing to the IICV estimate or residualized
Z-scores (after adjusting for covariates). Scores used in the
literature include individual neuropsychological test scores
(Hilborn et al., 2009; Holtzer et al., 2008) or cognitive
domain scores derived from factor analysis or other clustering
procedures (Salthouse & Soubelet, 2014). The use of a small
number of test scores is appealing due to its potential for easy
translation to clinical settings while the use of factor scores is
appealing because they condense related variables into one
summary score per cognitive domain and are thought to yield
more stable estimates of functioning within domains (Grice,
2001). For this study, we examined the predictive properties of
both a complex and a simple calculation of IICV.
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First, a complex IICV variable was developed by calcu-
lating the variability across the six baseline cognitive factor
Z-scores described above. Specifically, we calculated the
standard deviation for each person across the six Z-scores and
converted this set of SDs to a normal distribution (e.g.,
~N(0,1)) to create the variable, “6 Factor IICV.”

Second, to estimate whether IICV might be useful in a
clinic setting based on a simple cognitive screen representing
multiple cognitive domains, we calculated a 4-test [ICV
using the baseline Rey Auditory Verbal Learning Task
(AVLT) (Schmidt, 1996) sum of learning trials score , Trail
Making Test (Heaton, Miller, Taylor, & Grant, 2004) A and
B completion times (Trails A and B, seconds), and the Wide
Range Achievement Test-3" edition (Wilkinson, 1993)
(WRAT-III) reading subtest standard score. The tests were
selected to represent multiple cognitive domains known to
change earlier (AVLT and Trails B; verbal memory, execu-
tive functioning) versus later (Trails A and WRAT-III;
attention, verbal ability) in the progression from prodromal
to clinical dementia due to AD. Trails A and B were first
log-transformed and multiplied by -1 so that higher scores
indicated better performance across all 4 variables. Raw
scores for each of the 4 variables were standardized to
Z-scores (e.g., ~N(0,1)) using the sample mean and SD for
each test. The SD across the four Z-scores was then calculated
for each person. Last, this set of SDs was also converted to a
set of Z-scores called “4 Test IICV.”

Cognitive outcome

The primary outcome was participant cognitive status at
the fourth wave of assessment as determined by consensus
review by a panel of dementia experts (clinical neu-
ropsychologists, physicians, and clinical nurse practitioners).
The consensus conference review process was initiated in
2012 to classify participants based on their most recent
WRAP assessment data into outcomes on the trajectory from
cognitively normal to dementia endpoints. All data collected
in the month before a given conference are analyzed first
via an algorithm which selects cases for discussion at the
consensus conference if they meet one or more of the
following criteria: (1) cognitive abnormalities (i.e., at least
1.5 SDs below expected relative to robust internal norms
adjusting for age, gender, and literacy-level) on: (a) the most
recent assessment for factor scores or individual measures of
memory, executive function, language, working memory, or
attention (Clark et al., 2016), or (b) any two assessments for
factor scores representing these domains (Koscik et al.,
2014); (2) cognitive performance on one or more tests fell
below values used in other studies as cutpoints for mild
cognitive impairment (MCI) diagnoses [e.g., WMS-R
Logical Memory II (Wechsler, 1987) story A score <9,
Alzheimer’s Disease Neuroimaging Initiative (Petersen et al.,
2010)]; or (3) an abnormal informant report indicating
subjective cognitive or functional decline. The algorithm
is set to over-identify cases for consensus review, with
approximately half of those flagged for review being coded
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as cognitively normal by the consensus review panel. Cases
not flagged for consensus review are classified as cognitively
normal.

Cognitive status for each participant’s most recent Vvisit is
determined by the consensus panel based on review of cog-
nitive performance at all waves and review of additional
information in the participant’s chart (e.g., summary report of
neurological and physical exam conducted by MD or NP;
self-reported medical history, depressive symptoms, self-
reported memory functioning, social history; and informant
reports of cognitive and functional status; detailed list in
Supplementary Table S1).

Consensus conference review has also been applied retro-
spectively to all baseline visits to confirm that the sample was
free of clinical impairment at baseline. Possible cognitive
status outcomes include: (1) cognitively normal, (2) early
MCI (with delineation of subtypes), (3) clinical MCI (with
delineation of subtypes), (4) impairment-not MCI, or
(5) dementia. The diagnosis of clinical MCI is based on
NIA-AA criteria (Albert et al., 2011) and includes (a) concern
regarding change in cognition, (b) impairment in one or more
cognitive domains, (c) preservation of functional abilities,
and (d) does not meet criteria for dementia. Because the
cohort was enrolled in late middle-age (mean age ~54 years),
few participants have progressed to diagnoses of dementia or
clinical MCL.

Therefore, the additional outcome of early MCI was
developed to identify individuals in the cohort who exhibit
lower than expected objective performance in one or more
cognitive domains (at least 1.5 SDs below expected relative
to internal robust norms), but may not yet report subjective
cognitive complaints. This experimental construct is thought
to represent a phenotype of early cognitive decline expected
to precede a clinical diagnosis of MCI (Aisen et al., 2010;
Duara et al., 2011; Jessen et al., 2014) and could signal an
opportunity to identify potential mid-life causes of cognitive
decline. Based on prior literature, we hypothesize that, in the
WRAP sample, participants classified as early MCI are at
increased risk of progressing to MCI and participants with
MCI are at increased risk of progressing to dementia (Bondi
et al., 2014).

Consensus conference diagnoses given at Wave 4 included
cognitively normal (n = 563; 82.3%), early MCI (n = 109;
15.9%) clinical MCI (n = 11; 1.6%) and dementia (n = 1;
0.2%). Due to the small size of the clinical groups, early MCI
and clinical statuses were combined to form a binary cogni-
tive status outcome (0 = cognitively normal; 1 = impaired).

Statistical Analyses
Sample descriptives

Sample characteristics of the cognitively normal and
impaired groups were compared using ¢ tests for continuous
data and chi-square tests for categorical data. For descriptive
purposes, we also examined baseline and change from
baseline to Wave 4 values on several neuropsychological
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measures associated with development of AD. Change scores
of the paired differences between Waves 1 and 4 were cal-
culated such that negative numbers indicated worse perfor-
mance at Wave 4 than at initial assessment. The cognitively
normal and impaired groups were compared using general
linear models after adjusting for covariates; covariates
included any general sample characteristics that differed
between cognitive status groups; change score covariates also
included years of follow-up and corresponding baseline per-
formance on the variable for which change was being
examined.

Adjusted means (SE) and Cohen’s f effect size estimates
were reported; Cohen’s f values of .10, .25, and .40 are
considered small, medium, and large effect sizes, respec-
tively (Cohen, 1992). Relationships among the IICV
variables and their contributing neuropsychological factors
or test scores were examined using Pearson correlations
before running primary analyses to assess for collinearity in
predictor variables.

Primary aims

To address our primary aims, we compared logistic regres-
sion model fit statistics for the primary outcome, cognitive
status at Wave 4, across four models for each of the two IICV
variables: Model 1 included years of follow-up between
baseline and Wave 4 plus a set of variables that are typically
associated with increased risk of MCI or AD [gender, literacy
(estimated as WRAT-III reading score), family history of
AD, APOE &4 carrier status, baseline age]—the Model 1
variables constituted the covariates for subsequent models.
Model 2 included the covariates plus the linear and quadratic
IICV terms (if the quadratic term was not significant (i.e.,
p>.05), it was dropped from the model). The quadratic term
was included to test for a non-linear relationship between
baseline IICV and subsequent cognitive status. Model 3
included covariates plus the memory and executive function
scores that comprised the corresponding IICV term (non-
significant memory and executive function variables were
removed sequentially to make the most parsimonious model
using these variables); and Model 4 included covariates plus
both the IICV variable and corresponding memory and
executive function terms from Model 3.

For each IICV method, nested models (Model 2 vs. 4,
Model 3 vs. 4) were compared using the Likelihood Ratio
Test (Lewis, Butler, & Gilbert, 2011). The Akaike Informa-
tion Criteria (AICs) of Models 2—4 were compared across the
6 Factor IICV and 4 Test IICV variables to characterize
relative model fits of the two IICV approaches; lower AIC
values indicate better fit.

Secondary analyses for primary aims

In secondary analyses, we examined the consistency of the
results for Models 2 and 4 after removing four participants
identified as being highly influential during model diagnostic
analyses and after excluding the 12 participants with clinical
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diagnoses at Wave 4. In supplementary analyses, we also
reran the primary analyses (a) using baseline cognitive status
as the primary outcome, and (b) using Wave 4 cognitive
status as the outcome after excluding the 57 participants who
met criteria for early MCI at baseline.

Exploratory aim

This analysis explored whether replacing continuous test and
IICV scores with a small set of indicator variables created
from distribution-based cutoffs from the WRAP baseline
sample could generate an MCI risk group variable to predict
risk of subsequent impairment.

MCI risk group

We created an MCI Risk Group variable by combining risk
statuses across AVLT, Trails B, and IICV patterns among
these scores and the WRAT-III reading score (Trails A was
omitted from this analysis since it was not a significant pre-
dictor in Model 3). High-risk AVLT and Trails B scores were
defined using the value that indicated the lowest performing
tertile in the WRAP baseline sample: baseline AVLT at or
below 47 and Trails B greater than or equal to 68 s. High-risk
IICV was defined by: (1) identifying the inter-quartile range
(IQR) for AVLT (45 to 56), Trails B (75 to 47), and WRAT-
III standard score (98 to 112); (2) coding whether each score
was below, within (inclusive) or above the IQR for each test;
and (3) identifying low- versus high-risk IICV based on the
directionally-informed pattern across the three variables.
Low-risk IICV was defined as: (a) AVLT, Trails B, and
WRAT-III scores all within or above the IQR; in addition,
when WRAT-III (i.e., global ability) was in the highest
quartile, either AVLT or Trails B also had to be in the highest
quartile), or (b) only WRAT-III was in the lowest quartile
(e.g., high IICV Z-scores due to strengths in memory and
executive function relative to literacy were considered low
IICV risk in these analyses). All other patterns were coded as
high-risk IICV.

The statuses across the AVLT, Trails B, and IICV risk
indicator variables were then combined into the following
eight MCI Risk groups: 0 = none of the scores in a risk zone
(n=251); 1 =only IICV in the risk zone (n = 127);
2 = only Trails B in the risk zone (n = 17); 3 = Trails B and
IICV in risk zones (n = 112); 4 = only AVLT in risk zone
(n=12); 5= AVLT and IICV in risk zones (n = 88);
6 = AVLT and Trails B in risk zones (n = 0); 7 = AVLT,
Trails B, and IICV in risk zones (n = 77). This variable
replaced IICV in Model 2 and we estimated subsequent risk
of impairment using the MCI Risk group = 0 as the reference
group. Supplementary Figure S2 depicts how these criteria
could be operationalized for use in clinic settings. We also
repeated the exploratory analysis after excluding those with
early MCI at baseline or clinical MCI or dementia at Wave 4.

All analyses were performed in SAS 9.3 and tests of sig-
nificance were set at p < .05 unless otherwise noted.


https://doi.org/10.1017/S135561771600093X

1020
RESULTS

Sample Descriptives

Approximately 18% of the 684 (n = 121) participants met
criteria for the “impaired” Wave 4 cognitive status group.
The impaired group was older, had more men, lower full
scale IQ at baseline and reported greater depressive sympto-
matology at baseline than the Cognitively Normal group. The
impaired group also showed higher mean IICV for both
6 Factor and 4 Test IICV (Table 1).

After adjusting for baseline age, gender, and depression
scores, the two cognitive status groups also differed on
numerous baseline neuropsychological test scores (Table 2).
While both groups showed average scores within published
normal cognitive ranges, the impaired group consistently per-
formed lower at baseline, with the greatest deficits in memory
and executive function domains. Despite starting lower, the
impaired group also demonstrated greater declines on all cog-
nitive variables except for Digit-Span forward and backward.
The largest effect sizes for change were again observed for
memory and executive function scores (Table 2), providing
evidence supporting the consensus diagnoses of pre-clinical or
clinical decline in the impaired cognitive status group.

The correlogram (Figure 1) depicts the correlations
between 6 Factor IICV, 4 Test IICV, baseline age, literacy,
and the memory and executive function variables contribut-
ing to each IICV variable. There is a moderate correlation
(.48) between 6 Factor IICV and 4 Test IICV. Other corre-
lations between 6 Factor IICV are small, with weak sig-
nificant associations with Verbal Learning and Memory
(VLM), Speed and Flexibility, and Trails A. Correlations
between 4 Test IICV and other variables showed significant
correlations only with Trails A and B (moderate magnitude).
Not surprisingly, factor scores also correlate significantly
(moderate to strong) with the neuropsychological tests that
contribute to them (e.g., VLM and AVLT).

R.L. Koscik et al.

Primary Aims

Results of the logistic regressions for Models 1-4 are shown
in Tables 3 (Model fit statistics) and 4 (Parameter estimates)
for both IICV variables and corresponding cognitive scores.

6 Factor IICV model comparisons

Models 24 corresponding to the 6 Factor IICV set showed
better fit than Model 1 (covariates only). In Model 2, higher
baseline 6 Factor IICV Z-scores were associated with higher
odds of being in the cognitively impaired group at Wave 4.
In Model 3, the Immediate Memory factor Z-score was not a
significant predictor of impaired status, and it was removed
from the model before obtaining the values shown in Tables 3
and 4. Each of the other three factors contributed significantly
to predicting risk of cognitive impairment, with better baseline
performance associated with lower risk for all three factors. In
Model 4, while all three factor scores from Model 3 were sig-
nificant predictors of cognitive impairment following the same
patterns seen in Model 3, the effects of IICV were attenuated
(p = .11). The Likelihood Ratio Test (LRT) comparing Mod-
els 2 and 4 showed that Model 4 yielded a significantly better fit
than Model 2, while the LRT comparing Models 3 and 4
showed that Model 4 did not improve the fit over Model 3.

4 Test IICV model comparisons

Results for 4 Test IICV showed similar patterns to 6 Factor
IICV. Models 24 for 4 Test IICV showed better fits than
Model 1. In Model 2, higher baseline 4 Test IICV was asso-
ciated with higher odds of cognitive impairment at Wave 4.
In Model 3, AVLT Total and Trails B Z-scores contributed
significantly to predicting cognitive impairment, with better
performance associated with lower risk. In Model 4, the
two baseline neuropsychological test scores from Model 3
remained significant predictors of subsequent cognitive

Table 1. Sample characteristics: Cognitively normal vs impaired at Wave 4

Cognitively normal Cognitively impaired p-Value*
Sample characteristics (n = 563) (n = 121)
Age at baseline, mean (SD) years 53.1 (6.6) 554 (6.4) .0005
Follow-up, mean (SD) years 9.1 (1.0) 9.2 (1.0) 45
Female, n (%) 406 (72.1) 70 (57.9) .002
Education >=BA, n (%) 361 (64.1) 75 (62.0) 40
non-Hispanic Caucasian, n (%) 558 (99.1) 121 (100) .30
Apoe e4 carrier, n (%) 218 (38.7) 43 (35.5) 51
Family history of AD, n (%) 427 (75.8) 83 (68.6) .10
CESD total score, mean (SD) 5.6 (6.1) 7.2 (7.6) .026
FSIQ, mean (SD) 114.6 (8.7) 112.0 (9.0) .003
WRAT standard reading score, mean (SD) 106.3 (9.1) 106.6 (9.3) 75
Intraindividual variability measures
Baseline 6 Factor IICV, mean (SD) -.052 (1.0) 28 (1.1) .0008
Baseline 4 Test IICV, mean (SD) -.30 (.70) -.052 (.75) .0005

*p-Values are from t-tests or chi-square tests for the sample characteristics and baseline IICV, depending on whether data are continuous

or categorical.
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Table 2. Cognition at baseline and change to Wave 4 by Wave 4 cognitive status group
Wave 4 cognitive status
Cognitively normal Cognitively impaired p-Value** Cohen’s f
Baseline® neuropsychological performance (n =563) (n=121)
AVLT Total of 5 Learning Trials, Ismean (SE) 53.3 (.29) 46.5 (.63) <.0001 0.38
AVLT Delayed Recall, Ismean (SE) 11.2 (.11) 8.9 (.23) <.0001 0.34
Trails A seconds to complete, Ismean (SD) 24.58 (1.02) 29.24 (1.03) <.0001 0.24
Trails B seconds to complete, Ismean (SD) 57.12 (1.02) 68.01 (1.03) <.0001 0.26
Digit Span Forward, Ismean (SE) 10.7 (.09) 10.1 (.19) 0.004 0.11
Digit Span Backward, Ismean (SE) 7.4 (.09) 6.4 (.21) <.0001 0.16
Letter Number Sequencing, Ismean (SE) 11.1 (.10) 10.1 (.22) <.0001 0.15
COWAT CFL, Ismean (SE) 44.6 (47) 39.4 (1.0) <.0001 0.17
Logical Memory I, Ismean (SE) 30.7 (.25) 26.2 (.54) <.0001 0.28
Logical Memory II, Ismean (SE) 27.6 (.27) 22.3 (.60) <.0001 0.31
BVMT Immediate, Ismean (SE) 25.3 (.21 21.4 (.46) <.0001 0.29
BVMT Delayed, Ismean (SE) 9.8 (.07) 8.8 (.16) <.0001 0.23
Digit-Symbol, Ismean (SE) 58.8 (.38) 54.5 (.84) <.0001 0.18
Change to Wave 4 (negative indicates worse)
AVLT Total of 5 Learning Trials, Ismean (SE) .30 (.25) -5.24 (.57) <.0001 0.33
AVLT Delayed Recall, Ismean (SE) .32 (.09) -1.39 (.20) <.0001 0.29
Trails A seconds to complete, Ismean (SE) 1.45 (.26) —-1.07 (.58) 0.0001 0.15
Trails B seconds to complete, Ismean (SE) 2.07 (.84) -14.7 (1.86) <.0001 0.31
Digit Span Forward, Ismean (SE) .047 (.07) =20 (.16) 0.15 0.06
Digit Span Backward, Ismean (SE) 13 (.07) -.15(.16) 0.10 0.06
Letter Number Sequencing, Ismean (SE) .06 (.08) -.69 (.17) <.0001 0.15
COWAT CFL, Ismean (SE) 3.43(.37) 41 (.81) 0.0009 0.13
Logical Memory I, Ismean (SE) .005 (.19) -3.5(43) <.0001 0.29
Logical Memory II, Ismean (SE) 73 (21) -3.2 (48) <.0001 0.28
BVMT Immediate, Ismean (SE) 1.34 (.18) -1.48 (4) <.0001 0.24
BVMT Delayed, Ismean (SE) 46 (.06) -.57 (.14) <.0001 0.25
Digit-Symbol, Ismean (SE) -2.20 (.22) -4.10 (.48) 0.0004 0.14

“The first eight neuropsychological tests (AVLT - CFL) are part of the test battery for every wave of assessment. The last five tests (Logical Memory - Digit
Symbol) were added to the test battery at Waves 2 and on.

**P-values are from generalized linear models, adjusting for significant sample characteristics of age, gender, and CES-D depression score; follow-up years
included as a covariate for analysis of changes Baseline to Wave 4. Trails A and B were transformed using Log 10; values reported were backtransformed from
the Ismeans estimates for the baseline scores. All difference scores from raw data were distributed approximately normally. Cohen’s f effect sizes are reported to
facilitate comparison of effect sizes across variables.

status while 4 Test IICV was no longer significant. The LRTs
comparing Models 2 and 4 and Models 3 and 4 showed that
Model 4 yielded a significantly better fit than Model 2, but
not Model 3.

Comparison of the two IICV approaches

Comparing results of the models that included covariates +
MICV as predictors (Model 2) for the 6 Factor IICV and 4 Test
ICV indicated that the two IICV variables yielded nearly
identical fit statistics (AIC difference <0.5). A comparison of
fit statistics from Model 3 across the two approaches indi-
cated that inclusion of the factor scores that comprised the
6 Factor IICV exhibited a better fit (AIC 10 points lower)
than the model including the neuropsychological test scores
that comprised the 4 Test IICV. The same pattern emerged
when Model 4 results were compared across the two [ICV
methods. While the AICs were lower in Models 3 and 4 for
the 6 Factor IICV, the AUC and model R-squared values

https://doi.org/10.1017/5135561771600093X Published online by Cambridge University Press

differed only slightly between 6 Factor IICV and 4 Test [ICV
(Table 3), indicating that a relatively small set of neu-
ropsychological test scores may be sufficient for screening
for risk of subsequent cognitive impairment.

Secondary analyses

In secondary analyses, the removal of four participants identi-
fied as influential via diagnostic modeling did not result in a
change in significance relative to a = .05 for Models 2 and 4;
patterns remained similar when the 12 participants with a
clinical diagnosis at Wave 4 were excluded. Results incorpor-
ating the baseline consensus conference statuses (normal vs.
early MCI) are presented in the Supplementary Materials.

Exploratory Aim

In exploratory analyses after adjusting for Model 1 covari-
ates, baseline MCI Risk Group was a significant predictor of
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6\0«* (1.25-6.50); Trails B risk (MCI Risk = 2; n = 17), 1.25
e ..&5(\‘6 (0.15-10.44); Trails B and IICV risk (MCI Risk = 3;
o ® 4@ n = 112), 4.45(1.99-9.96); AVLT risk (MCI Risk = 4;
& VQ % o & O/ @
iy \\Qo/,\? \‘\o& F 639 <9 > n =12), 12.29(3.13, 48.30); AVLT and IICV risk (MCI
& e & & & Risk = 5; n = 88), 12.10(5.49-26.68); Trails B and AVLT

ICV_6_Factor 0.48 0.07 0.04 -0.02-0.15-0.09-0.09 0.11 0.08 Risk = 7; n = 77), 39.49(13.01-66.83). All odds ratios

were significant (p <.05) after adjusting for Model 1
05 covariates, except for MCI Risk = 2 (only Trails B in the risk
range) and MCI Risk = 6 (AVLT and Trails B risk without
IICV risk).

The smallest increase in risk of impairment was associated
with only having an IICV pattern in the high risk zone while
the largest increase in risk was associated with AVLT, Trails
B, and IICV pattern all falling in the high risk zone. Rerun-
ning the analyses after excluding those with early MCI at
baseline or those with a clinical status at Wave 4 yielded
consistent results (Supplementary Figures S3 and S4).

l 1 risk (MCI Risk, n = 0, OR not available); All 3 risk (MCI

IICV_4_Test 0.07-0.130.08 0 -0.25-0.020.23 0.32
Baseline_Age 0.06 -0.03-0.06-0.06-0.19 0.28 0.35
WRAT_Reading -0.04-0.07 -0.2 0.24 0.09 -0.16 | [ -2
Imm_Memory 061 0.18 .»0.13-009 0
Verbal_Lng_and_Memory 0.18 .‘ -0.13-0.09 -0.25
Speed_and_Flexibility .12 .@ 05

AVLT Total .0.18-0.23 [}

Trails_A 0.47

Fig. 1. Correlogram of 6 Factor IICV and 4 Test IICV with
variables that contribute to each test and with baseline age. Trails
A and B were log-transformed. Correlations with p <.05 also have
a colored dot overlapping with the correlation coefficient to
provide an easy means to visualize the magnitude and direction of
correlations: larger dots indicate larger coefficients; blue shades
indicate positive correlations while yellow to red shades indicate
negative correlations.

DISCUSSION

The aims of this study were to investigate whether [ICV
obtained at baseline in an ostensibly healthy late-middle-aged
sample was predictive of meeting criteria for mild or more
severe impairment approximately 8—10 years later and whe-
ther IICV effects persisted after accounting for performance
on measures of memory and executive function which con-
tributed to the IICV calculations.

subsequent cognitive status (MCI Risk Group Wald In our sample with mean baseline age of 54, baseline IICV

chi-square 82.5, df = 7; p <.0001; model AIC = 539.28 and
-2 Log L = 513.28). Figure 2 depicts the proportion (+ SE)
of participants who were impaired within each of the MCI
Risk groups. The odds ratios (and 95% Wald confidence
intervals) comparing MCI Risk =1-7 with MCI Risk = 0
were as follows: IICV risk (MCI Risk = 1; n = 127), 2.86

was predictive of subsequent cognitive impairment for both
IICV calculations (i.e., via a complex method using factor
scores adjusted for age, gender, and literacy level and via a
simpler method based on the Rey AVLT sum of learning
trials, Trails A and B, and the WRAT-III reading). When
considered only with covariates, the model fits of the

Table 3. Model fit statistics for logistic regression Models 1-4 for 6 Factor IICV and 4 Test IICV

Model 1 Model 2 Model 3 Model 4

(Covariates + IICV +
Cognitive Scores)

(Covariates +

Model fit statistics (Covariates” only)  (Covariates + IICV)  Cognitive Scores)

6 Factor IICV set of models

AIC 627.43 620.06 498.70 498.09
—2LogL 613.43 604.06 478.70 476.09
ROC-AUC 0.64 0.67 0.83 0.83
Max-rescaled R? 0.059 0.081 0.343 0.342
4 Test IICV set of models
AIC 627.43 620.40 508.90 510.64
—2LogL 613.43 604.40 490.90 490.64
ROC-AUC 0.64 0.66 0.83 0.83
Max-rescaled R? 0.059 0.080 0.320 0.320

Note. Variables are Z-scores all with positive values indicating better performance.
dCovariates included in Model 1: gender, literacy (estimated as WRAT-3 reading score), family history of AD, APOE &4 carrier, baseline
age, and years of follow-up at the time the cognitive status was determined.
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complex and simple IICV methods (Model 2 AICs)
were nearly identical, suggesting that the intraindividual
variability in a small number of neuropsychological test
scores could be useful in predicting long-term risk of mild to
moderate cognitive impairment.

When the continuous baseline memory and executive
function scores were included in the corresponding
models (Model 4), the effects of IICV were attenuated to a
non-significant level, suggesting that the calculation of con-
tinuous IICV may not provide any additional information
regarding subsequent risk above and beyond the individual
test scores in a late middle-age cognitively normal sample.
These findings contrast with those observed by Holtzer et al.
(2008). In their study, IICV was calculated using tests from
the same domains used for our 4 Test IICV in an older sample
(mean (SD) age = 78.6 (5.3), n = 897). After controlling for
the neuropsychological test scores comprising their [ICV
variable, higher IICV was associated with significantly
higher risk of subsequent dementia over a shorter follow-up
window (mean = 3.3 (2.4) years). While our results suggest
that IICV may not be as sensitive to later decline as other
studies have shown, it may also be that IICV functions
differently in middle-age when cognitive declines tend to be
minimal; specifically, the younger age of our sample and the
less severe status of our impaired group are possible expla-
nations for the attenuated effects of IICV in our analyses.

Using the tests comprising 4-Test IICV, our exploratory
analyses suggest that using distribution-based cutoffs to
identify higher risk AVLT, Trails B, and directionally
informed IICV patterns could provide a simple method to
identify people at increased risk of decline to a cognitively
impaired status (Supplementary Figure S2). This approach
has practical appeal and is potentially easier to use, less
costly, and more directly linked to clinical cognitive out-
comes than those that rely on demographics, vascular risk
factors, and other health status variables (see Imtiaz et al.,
2014) for variables used in risk estimators). Future research
could test these or other cutoffs and incorporate additional
neuropsychological tests or IICV patterns to determine
whether there are operationalizations of test score cutoffs and
IICV patterns that are optimally sensitive to risk of early
decline.

The quest to identify metrics that are sensitive to risk of
cognitive decline is not new. For example, Andersson and
colleagues (Andersson et al., 2006) established baseline risk
groups using the AVLT sum of learning trials and delayed
recall scores (Trial 7) for a sample of 224 late-middle-age
individuals (mean age =60.7 years): participants with poor
delayed recall scores (<6) fell in the “Severe Impairment”
group; those with delayed scores at or above 6 and sum of
learning trials scores at or below 45 were in the “Moderate
Impairment” group; and those with better scores on both
components were in the “No Impairment” group. They found
that these cutoffs were sensitive to identifying individuals at
increased risk of incident dementia approximately 3 years
later. Similarly, Drebing and colleagues (Drebing, Van Gorp,
Stuck, Mitrushina, & Beck, 1994) published recommended
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Fig. 2. Bar graphs of proportion in the cognitively impaired group at Wave 4 within each of the subgroups representing risk based on
falling in the “risk tertile” for AVLT or Trails B or having an IICV risk pattern based on the IQRs of AVLT, Trails B, and WRAT-III
reading. Denominators for each of the eight groups below are 251, 127, 17, 112, 12, 88, 0, and 77, respectively.

cutoffs for a screening battery that included tests of memory
and executive function. Their analyses focused on a narrow age
range (age 60-69 years) and normative values for more highly
educated people and showed that distribution-based cutoffs
could be used to distinguish individuals who were cognitively
impaired versus normal. To our knowledge, ours is the first
study to attempt to incorporate directionally informed patterns
of intraindividual variability into risk estimates.

LIMITATIONS

There are multiple methods of calculating IICV; our analyses
focused on the SD based on tests from multiple cognitive
domains. The vast majority of our impaired group met criteria
for an experimental construct, early MCI. We anticipate that
not all of the participants with early MCI will progress to
clinical MCI and dementia, thus potentially limiting the
sensitivity of IICV in these analyses. The risk estimating
algorithm presented in this study is presented as a “proof of
concept” approach to incorporating consideration of IICV
into clinical practice; as such, the cutoffs selected in the
exploratory aim and even the tests selected might not repre-
sent the most sensitive selections possible. Since these ana-
lyses are based on a sample that is risk-enriched (74.6% with
a parental family history of AD), caution should be used in
generalizing the findings.

CONCLUSIONS

IICV, calculated as SD of a set of measures at a given time
point, has been suggested as a novel marker that can be used
to identify people at risk of later dementia-related diagnoses.
It has great appeal as a potential low-cost, non-invasive risk
biomarker. Our results provide mixed evidence for the
potential utility of IICV during middle-age. Namely, con-
tinuous IICV does indeed predict meeting criteria for cogni-
tive impairment approximately 9 years later, but the
contribution of IICV is attenuated after accounting for the
memory and executive function scores that comprise IICV.
On the other hand, our exploratory, “proof of concept”
analysis suggests that test scores might be used to identify
IICV patterns associated with higher risk of impairment.
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Future research could also characterize longitudinal trajec-
tories of IICV in this younger age range and evaluate whether
longitudinal changes in IICV might indicate risk of cognitive
decline to AD or other dementia endpoints. For example, prior
research showed that older adults exhibit increasing variability
in cognitive performance over time, while younger adults pre-
sent with stable or slightly decreasing metrics of cognitive
variability (MacDonald, Hultsch, & Dixon, 2003). Future
research on WRAP participants, especially those who demon-
strate increased IICV at an earlier age than traditionally
expected, could help to further delineate the role of cognitive
variability in both pathological and normal aging.
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